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TECHNICAL  ASPECTS 


FEASIBILITY  STUDY 
OF  A 

li  .FU  OPTICS  P LOTTE  I 
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AliSTKACl 

'Ibis  st'idy  has  established  feasibility  of  a proposed  fiber  optics 
plotter  system  which  produces  bathy thermograms  on  standard  film 
aperture  cards  in  both  analog  and  digital  form.  Performance  lias 
been  verified  with  a breadboard  model.  Outstanding  features  of 
the  design  are  its  all  digital  nature  and  the  use  of  a new  dry 
process  film.  Operational,  reliability,  production  and  cost  aspect - 
are  considered  based  on  a preliminary  system  design. 
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'''is  .dv  I , is  I e o n undertaken  to  establish  feasibility  of  a 
proposed  fiber  optics  plotter  technique  as  applied  specifically 
to  recording  data  taken  with  an  existing  expendable  bathythermograph 
(XBT)  probe.  Ihe  work  has  been  performed  under  contract  with  the 
U.S.  Navy.  Naval  Ships  Systems  Command. 

The  fiber  optics  recording  principle  is  not  particularly  new,  hat 
the  application  described  herein  represents  something  quite  differ 
ent  from  existing  recorder  techniques.  With  this  recorder  data  ;s 
plotted  in  both  analog  and  digital  form  on  film  inserts  in  standard 
aperture  cards.  This  is  accomplished  by  moving  the  card  under  r e 
optical  recording  head  m small  steps  similar  to  that  used  ir  in- 
cremental digital  tape  recorders. 

The  mos i impertant  feature  of  this  device  is  its  all  digital  nature- 
where  in  t*u-  inhe  rent  advantages  of  digital  systems  are  realized,  i.<  ., 
no  stability  or  drift  problems,  high  noise  tolerances,  simple  ar,  I 
r<  diii.li'  ' -oiil  state  circuitry,  no  critical  power  supply  require 
nun's,  i i i-  of  troubleshooting  and  re*pair,  etc.  Another  importa:  t 
fe  at  ri  i*  ’'a  use  of  a new  drv  process  film  which  is  equivalen  t to 
stai  laid  silver  I, al.de  films  in  quality,  stability  and  cost,  hit 
which  req  iri  >-  only  * eat  for  development.  With  this  film  fini-Aed 
record'  ar-  available  about  ten  seconds  after  exposure. 
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Phase  I <f  r K c » tract  demons  t rated  foasibil  ity  of  the  recording 


technique  through  uirstr  action  of  a breadboard  model  whicr  created 
sini'afi  1 ba  'd-v  thermograms  on  t'e  dry  silver  film.  Phase  ’ of  tl  , 
s'  dv  ;rvo.'Vi  d two  main  areas:  (1 ' demons  t ra  L i on  of  technical 
feasibility  of  digitizing  and  linearizing  the  probe  data,  and 
invest  ig.i»  ing  the  technical  ard  economic  feasibility  of  pro!  ,i  i g 
fiher  optics  plotter  systems  in  quantity.  Volume  1 represer'- 
bodv  of  the  report  wherein  technical  aspects  of  the  study  are  di- 
ci.ssed.  Tte  volume  is  divided  into  three  parts. 

Part  ’ discisse-  modifications  made  to  the  Phase  1 breadboard 
model  involving  add i t ion  of  a digitizer,  digital  linearization 
circuits  and  a new  fiber  optic  head  to  the  system. 

Part  II  presents  a nreliminary  system  design,  and  tbps  design  i- 
used  to  analyze  operational,  production  and  cost  aspect?  of  tl  <■ 
proposed  system.  Included  in  this  analysis  is  a reliabi  ltv  f'-tnuite 
ard  a discussion  of  ..dditional  carabi  ities  of  the  system. 

The  resilfs  of  t^is  study  are  summarized  in  Part  III  wt ere  .t  i> 
concluded  that  fiber  optics  plotter  systems  which  meet  the  d<  - i red 
performance  .harac teristics  can  be  produced  in  quantity  for  a 
reasonable  cost.  Finally  rec  ommer  dat  ion  s regarding  fntur>  ar..  c 
of  s'  idv  and  development  are  discussed. 

Cost  >f  the  plotter  systems  in  productior  quantities  is  estimated 
in  Par'  IV.  Volume  l of  t^e  report. 
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PART  ; - breadboard  model 

1 . 1 PUL  [1-.-M 

Dut  i^g  Phase  I I of  the  study  the  breadboard  demonstrat  ion  • r 1 “• 
was  modified  to  provide  a full  scale  model  of  the  Fiber  Optics 
Plotter  System.  This  modification  included  design  and  construe 
tior.  of  ar.  Analog-to-Digital  Converter,  Digital  Linearizing 
Circuitry,  and  a new  full-scale  Fiber  Optic  Recording  Head.  The 
film  processing  equipment  was  also  augmented  to  provide  auto- 
matically controlled  hot  air  in  in  the  developing  chamber.  Tn 
this  manner  a complete  system  was  simulated  in  breadboard  form 
permitting  full-scale  test  and  analysis  and  demonstrating 
feasibility  simultaneously  with  practicability. 

1 . 2 Ceneral  Fa.  tual  Data 

In  Phase  I of  the  study,  basic  feasibility  of  the  fiber  optic 
recording  concept  was  demonstrated.  Digitized  data  was  simo>  r . a 
with  toggle  switches  and  no  linearization  of  the  analog  data  ws 
attempted.  in  this  final  phase  the  breadboard  system  was  modi f Lee 
to  include  these  functions  and  thereby  permit  study  and  demons';:  < 
tiori  of  a full-scale  system. 

In  general,  the  full-scale  model  was  designed  and  constructed  *:o 
dem  .sira  e operation  within  the  following  constraints: 


TJ- 


(,  . i Re f r **  d s aie  v:  ter*  •.  :n  t'tV.  digital  and  aralcg 

■■  [ ,-s  (J  ('.‘-.J. 

2}  Temp-erature  resoluble-  ' • the  digital  domain  *■ 

part,  ir  j.024,  i.e.,  ten  binary  digits,  over  tre  rb  t» 
2k'j  to  9t°F. 

(c)  Temper  attire  resolution  in  the  analog  presentat  i . .1  is 
+ 0.4°F  with  the  plot  linearized  within  its  r • <- 

Id)  Depth  resolution  is  + 10  ft.  or  better  for  a mir  It 

range  of  1500  ft.,  with,  a desired  range  up  tc  2 00  i: 

(e)  he  recording  medium  is  a tiiy  process  film  nru  erred  . 
standard  aperture  cards. 

(f)  Record  time  will  correspond  to  the  BT  drop  time. 

In  . rder  to  meet  these  constraints  a new  Fiber  Optic  Recordi  c 
Head  was  fabricated  with  181  fibers.  One  hundred  seventy  f ibe- s 
were  used  for  the  analog  plot,  10  for  digital  data  and  ? wet 
u«ed  tor  markers.  The  fiber  diameter  is  approximately  5 m''s. 


(1)  ll'ttriz  :iwn  was  performed  in  -cccrdance  with  "Resi«  c 
Vs.  lemperatrre  Values  ...  ",  Table  .4-1  of  the  XP1  ve-do  '« 
rrr.o  3i-  "K  4^7  Preliminary  Instructions  for  Installation, 
Operatic*  a- d Maintenance  of  Sippican  Expendable  BT  S>ste'n,'' 
ps.  5-9, 
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n c s 'c  wi:.n  c ,.r  or  ig: -a i prc,-c-sal,  th.  digitize'  vv 
desL^td  . pro  ide  raw  (i.e.,  -,on-l  ir  earized)  dat ; . i ->  . ■*■.<5 

, ’ss  o -se  relative  1;-  .-simple  Wheatstone  Bridge-:  c . t . 

f r r>e  "(iC'T.  end"  of  cv'e  system,  as  r-o  non- linear  resist”  s • 
er  s..c  compensating  devices  were  required  to  obtain  \.,t 
d-'sited  c . ' p- . Linearization  of  the  ana  log  plot  wos  tret  ?t  ' 
placed  completely  in  the  digital  domain  avoiding  all  oi  t’  i * - 

blems  oi  stability  and  calibration  common  to  an  Log  circuits. 

Two  basic  methods  of  linearization  were  cons idered , * i.e., 

serial  method  and  a parallel  method.  The  latter  approach  vr- 
vet.  desirable  from  the  accuracy  standpoint  because  it  a.-  ru  .\  . tra  t ~ 
the  thermistor  resistance- temperature  curve  wdl  as  ms -.•••  s*  t - in  - 
line segments  as  there  are  points  on  the  analog  plot.  I is:  is 
at  c nr  p l i shed  through  decoding  cf  the  digital  data  wit?  170  mu.'  1- 
l r- 1 it  a d ga'es,  each  gate  output  connected  to  a”  individual  . 
in  t e r-alog  display.  The  alternate  serial  method  involves  tve 
use  oi  a nor.- linear  digitai  counter  which  provides  a somewhat  less 
accurate  output,  as  economic  considerations  limit  1.7  e , _uiL  r o 

* A tlird  method,  involving  the  spacing  of  fibers  in  the  recc’d 
lead,  was  'do*ed  early  1"  t^e  project  when  .’  became  app  in- 
i' ' : e res-  l'ing  analog  pi  would  vave  a 1 ■*  d l •>  g resnl.ti  - 

scale.  In  order  to  maintain  desired  'esolutio-  of  eho  * 0.4‘'l- 

e end  of  t'-e  scale,  resolution  at  the  other  end  would  be 
o 

0.08  T.  P is  would  requite  more  fibers,  P.mps,  etc.,  and  is  . of 
considered  economically  feasible. 
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sf  rai.:  t e . {> [> r ximat  i s to  t’-e  therms  tr  t cue  e to  c.o 

six  or  eijc’  t . v .t  w«s  tie*,  err.  i ed  ’ at.  ar  app  r x ;ma  • ..  ' 1 . 

six  ; r a i *-v  I.  e segment  s would  ield  "o  more  t''*n  + 0 .£  i e»  - . > 
H is  me  1 v o s*  ill  req  ires  the  decoding  and  1 ..mp  dr  fvi  r cm  : \s 
preset:  i.»  * ••  original  breadboard  system  in  add  l i 
linearizing  circuitry. 

Since  f e parallel  approach  would  require  the  par.  • ise  <1  a . 
member  of  gate  circuits,  and  s ince  the  original  bre-id  iirtl  s -.■err 
already  hid  mos‘:  of  the  decoding  and  lamp  driving  circ  irr, 
required  for  the  serial  approach,  economy  dicta. ed  the  >&e  ei  e 

serial  approach  for  the  Phase  1 ! demc  st ration  system.  To  ; •-  * 
approac  has  not  been  abandoned,  however,  a"d  it  is  ene"  c neg- 
ation in  Parr  li  of  this  report. 

To  provide  a more  automated  and  repeatable  film  processing  s s*em, 
a hlower,  heating  element  and  temperature  controller  were  pure*  std 
tor  .s»  on  t^e  Phase  11  breadboard  system.  This  pc  mi  ad  c. 

Q 

of  the  hot  air  de\ eloping  chamber  to  within  + 0.5  1 w.  ’ - m i 

inter  •<•  t con.  This,  combined  with  improvements  u he  met  anus 
ei  ve  ft  r>  trdnsp.  r system,  pro'  idej  ver  consist^.'  p-  ects.- • 
of  h e 1 . m. 

Derails  regard  i'-g  the  structure  of  the  modified  breadboard 
system  and  res  i!  :s  c.f  tests  ut  i 1 i z mg  a new  high-co  : : ,s-  f i ’ n < 
prese-'ed  in  the  following  paragraphs. 


1 . 5 !'(•’  .ltd  I ,i  . i!  D;,-a 


A *•!.«.  k diiii'«in  of  <c  mod  i f : c!  breadboard  s/«t«.  a is  pi  • s . 

F ■ r < i.  r «.  :d±.“  circ.’i  .•  a>'d  A-,»*  i og- : o~D i «.i  ‘ « •ver*  *.* 

I .de  . d i g . ‘ | • d i-ec  1 1 / pro;*  *r*'  it  "ii  t ■ the  r»  (> 

. i * r j». s“..-  se  .si  g element  li  the  Li  pro  e.  • ..  * "•  «*" 

».  r : da  a is  recorded  ir  digital  form  t’  rr  *’•  the  dig:* 

lamp  d'ivtr  circuits.  This  same  data  is  processed  t dii  : . I 

lineiriz.t  cite  ; ts  a o a decod  Lag  matrix  to  pit  id-.  ar\  ,.i 

o 

record.  £ w ic  ts  Linear  within  + 0.4  F.  The  oat;  tit  ot  each 
ami  is  c . p ’ • d f.  the  film  surface  tl  tough  the  Fiber  Optic  Rec 
. : g i e d A s s em  . i . 


As  . 'e  rniil-'dl  syste.n,  aferatu-e  cards  are  m • d i^c  - te  ‘-.S' 

de'  e re  r ci  i head  h>  a rotter}  s.  . e^oed/ lead  screw  a - r j.,g-  ■ 

u • . • f.  is  pit  id*  d to  produce  ; .c  .*  < meats  oi  ->•  t ; 
he  i\  or  ' •-e  cards  are  epped  at  i rate  r f a1  ut  twice  p sec 


E ar  ■ 

* 'p 

’ e i i ; m 

ivanc 

a , a 

"start  co c.  ersica 

ro 

: . 

. -ne  A/D 

corv  :*r? *.-r 

• l(P* 

receipt  of  t1  is 

• - *|  • js  converted  to  digita'  form  end  the  di*>i.'<i 

j s eari?ed  ler  prese  at:.*  • the  e >•  g pK-t  . 

. )g.c  | i >s  ' <<-->  -aplen.t  erl  .0  • g - d 

0 c np  • f the  rec.ru  "g  p-ocess,  the  apt r le  c aid  is 

p t -td  p f . 1m  tr a- sport  mec’  ism  a d p - ed  • • r-  . 


DIGITAL  DATA 


FI CULL  1 


T TT 
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* 

. r «■  f-T  dove  lepmer  t . For  experimental  purpose?  • 

e»p*-  r . • t?  ol  the  c*  »irbet  and  : e ri‘e  at  wF  .cb  tne  caro  »■  - 
* r ar.sp: : • ed  t"  re-.El  t-e  cu. sir were  • -der  separate  co*  ~r  . 
Si-ce  le  r 1>  significant  dlf tcrence  between  t - e breadl^ard 
C-*.  :~ed  : the  1 .ase  1 report  and  lie  crreni  svstem  are  i 
elecb-o  :c  and  recording  l e-j.d  areas,  ml;  those  subjuc  -v  « . 
cc  ered  in  detail  below. 

1 . i . i Brid^-  Circuitry  a^d  A/D  Con  c rtei 

He  tener-il  features  of  the  Bridge  and  A/D  Conner  e-  1 
ire  illustrated  in  Figure  2.  His  is  basically  a W • 
store  Bridge  Circuit  wit’’  exi  tar.  ion  sjpplied  be  - < 
c.rieit  source.  Note  that  tve  Bl  probe  wire  resis- 
ts, are  in  adjacent  legs  of  tr  e brnd^e  a d t’.  eref  r • 
eliim-ate  any  problems  associated  w;t-  differs  ct- 
sistarces  from  probe  to  p-obe. 

1’  •“  Bridge  and  A/D  Converter  act  as  s simp  ie  i • 
system  wherein  the  digitally-controlled  rests  •,  Rr 
varied  to  produce  a n :1 1 condition  at  tve  compar iff  • 

Rp  cc  sists  of  a series  t binar,  weighted  res.s-  ■, 
y re  la-,  cc  tacts.  Fine  Tela  -g  are  c trol'od  y t' 
circ  its  Ft.  tie  digital  loeic  sec  tier.  The  die 
w-s  arranged  in  a stardsrd  successive  approximate  : 
to  p'.vide  a minimum  consistent  conversion  rime  of 


i 


'0  milliseconds.  Hi*  d.ti‘^1  functions  were  impute 
wr  ‘ »c:t se</en  i tie,,  ;ed  circuit  eleme.ts.  !:  i » 
w;-s  i;' led  nt  trie  mp*  t to  the  com(  ari*  or  't  el"'.  \ 
excessive  bandwidth  ".rise  problems.  (The  compari'or 
w.s  . expensive  ir  t.egr«ted  cno.u  .ype  wrier  was 
of  operating  at  speeds  well  i r.  excess  jf  ••eq ; run  ■>  1 
hi  is  s.pp  1 i c it  ion . ) 

1.J.2  iiiii * ■ 1 Imeariz  i’  g ■'  . -c  j. 

V e ttemistor  Resistance  Vs.  Temperature  curve  t 
prote  is  sbowr,  in  Hg  u a 3.  Th  is  curve  was  plot:  cd 
• *v.  > supplied  n the  r.a:  fact  urer,  a d the  stra  •. , 
«fpr>.ywat  Ions  used  n this  s'udy  are  o erla  .ed  c-1  ‘‘ 
> t ve . 1'  e digital  Line  .riza*  i.*.n  scheme  is  . liarti 

n Figure  U . T'i  e Sync  c.nd  Control  circuf-s  opet  t< 
reset  the  variou..  counters  d to  s/nchro.ize  tue  "t 
conversion"  pulse  iiom  the  A/D  Converter  with  tve  )- 
clock.  0- ce  th i s pulse  is  received,  tbe  varic  s c 
ire  reset  and  then  clock  pulses  are  iated  into  !’ e i 
binary  cc  "ter  until  u mate’'  is  detected  between  :!  • 
o tp  and  rue  A/D  Converter  out,  it.  At  t is  p„i.  t 
c iiparttut  j rovides  ar>  "eqi'dl"  signal  which  term  i 
cl’ck  input  into  the  cor  er.  ]n  ‘bis  manner  "n"  il 
p^lsi.-s  ire  produced  where  "n"  equals  toe  ncmhei  s art 
*.*•  e A/D  Co  - verier  output  register.  These  clock  pals. 
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8 BIT 

LINEARIZED  OUTPUT 
TO  ANALOG  DISPLAY 
THROUGH  DECODING  MATRIX 
AND  LAMP  DRIVERS 


FIGURE  U 

DIGITAL  LINEARIZING 
CIRCUITRY,  SERIAL 
(NON-LINEAR  COUNTER) 
METHOD 
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(•I  I ied  h ' t;  e 8-i  if:  bi'.>r  outpu  : coin'ier  tb’y>:.e  f r 

g'-.nmahle  divider  circuit.  The  divider  circuit  is  i - • i t i 
. i i'd  * o >'•  v *./2  cc  id  it  ion  ->uc.b  that  one  count  t • stv 
• e a.;  put  counter  foe  «.very  two  counts  in  the  i p r 
co’.itct.  Ihis  creates  a slope  equivalent  to  chat  sho  ■ 

' h-  louc  r rigi  • hand  section  of  the  thermistor  c_r.e,  1 . ^ 

The  divider  remains  at  n/2  until  the  digital  number  • 
to  Trip  Point  No.  1 on  the  thermistor  curve  is  reached, 
this  point  one  of  five  trip  point:  gates  shown  in  Figur 
pr  /ides  a "trip"  signal  which  advances  the  King  Counter 
cue  count.  This  output  of  the  Ring  Counter  is  coupled 
the  divide  i causing  it  to  divide  by  three.  The  on  ip.'';  10 
therefore  assumes  the  slope  of  the  second  straight  li 
segment  on  the  thermistor  curve.  This  process  is  repe  , u 
ur  t four  more  Mmes  *r>  pr r ide  linearization  of  ti  r 

rar.ae . 


In  t’  is  manner  the  digitized  thermistor  data  ,s  line,  r 
by  approximating  the  resistance  vs.  temperature  c rr*  ( iv 
six  st  r:g'v  line  segments.  Fifty-four  digital  integ'- 
c;r<  its  were  used  to  implement  this  logic. 
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1 . 3 . 5 Roc . r d i ■ ^ He  ad 

A >!e«i  fiber  optic  recording  head  was  provided  for  *f 
oi  'difi.  d breadboard  system.  Ibis  was  necess  iry  for  a 
full-scale  model,  as  the  previous  unit,  contained  t ! f 
filers  tor  the  -juaLoft  plot.  Also,  smaller  fiber-  i.  > ,i 
were  ised  ii  the  new  head  to  provide  for  • greater  d • 
re  ige,  is  the  film  could  be  stepped  in  much  smaller 
increments  between  d,it,i  samples.  The  new  heed  wis  con, 
cl  185  fibers  - allowing  for  a full-scale  prese:  , ' ion 
the  analog  data  in  the  form  oi  WO  points.  Ter-.  fiber?  wve 
reserved  for  the  digital  presentation  and  5 were  for  :tic  > ^ 
ma  rk s . 


Some  difficulty  in  fabrication  of  the  '"end  assembly  was 
experienced  whit’  resulted  in  breaking  aid  bending  « . ve;  . 
of  be  fibers.  osf  of  the  problems  were  related  to  a 11 i 
the  fibers,  and  it  is  apparent  that  a properly  designed  ‘•c- 
of  tools  and  fixtures  will  be  required  tc  produc  : ttcor  , _ 

beads  m a reliable  manner.  Although  sore  fibers  wr 
damaged,  the  head  was  still  usefiLL  lor  demonsr.rativn  j-c 
‘ es • p r poses . 


4 
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1 .4 


(!  I'  C S Its 


1.4.  Br  icj^ 4 A ; P (.re i »,s 

1 t rrntfi  an cl  A/P  converter  circuits  were  checked  out  r. 
sit.  t . • n t’  e B:  probe  with  a pji  r precis!.  • 4.  f c ' cr 
r t-  = is"*  rs  ai  d a decide  potentiometer.  Tbe  resistors 
simulated  the  average  wire  resistances  in  a liOO-fl.  pn  ~e, 
a-d  de  decide  potent  I ometer  was  varied  between  abo  c.  3k 
■j  ms  and  13K  ohms  to  simulate  tbe  full-scale  therm!  s- _.r 
tesi stance  charge. 

Table  1 present?  test  results  shewing  the  cox,  arise'  S • - 

to  di^.tal  output  of  tLc  A/D  converter  and  the  <j  j?lr-.l 
cui  e equivalent  to  simulated  probe  temperature  for  2°1 
increments  throughout  tr.e  entire  u <e.  rve  max  .m  u< 
difference  t.<  twe-  .1  actual  and  desired  values  wis  T bits 
vhi  r>  is  we1  w hin  the  experimental  Limits  for  tv  is  test 
set  up  ( K ) . 


* Si  ce  0.1/  decide  potentiometer  was  sed.  ericvs  d <- 
to  t'is  sc.rce  a 1 .vie  represent  < ne  part  i -i  1,000  w .c‘  's 
•fc«r;,  equivalent  to  'be  t.r  res.>l”t  io->  (one  par-  i 
1,024).  Thus,  errors  of  at  least  + ! Pit  can  be  altr.'  - i 
to  tie  potentiometer.  This,  combined  with  tne  + ^ t.i 
quantizing  t-rror  ir'  erer"-  in  .11  A/D  wo  Id 

accc  n t for  nearly  all  the  errors  observed  • t-e  s,sten. 
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rests  o".  the  cor.versioi  speed  o£  the  s'.-stem  tt-nea  ed 
speeds  < f jp  to  4j  10-bit  conversions  per  sec  nd  c.  * 

attained.  At  this  rat"  conversion  time  of  the  A/D  c 
whs  about.  22  msec.  however,  these  speeds  were  att-ra 
with  the  simple  simulated  probe  described  above,  a:, a . 
can  be  expected  that  dynamic  effects  in  an  actual  i 
will  limit  the  minimum  conversion  time  to  something 
excess  of  22  msec.  With  no  data  available  on  these  pr  t 
characteristics,  one  can  caly  guess  at  a dynamic  eq 
circuit.  Certainly  there  ate  effects  present  such  as 
to- wire  capacitance,  wire-to-sea  capacitance,  induct  .ce, 
etc.  A limited  test  was  made  on  the  breadboard  system 
investigate  what  is  probably  the  parameter  with  the  .• 
effect  on  convers ion  time,  i.e.,  the  wire-to-wire  c^|  c 
Tliis  effect  was  investigated  by  shunting  the  simulated 
probe  with  a variable  capacitance  and  determining  the  m; 
mum  conversion  time  in  each  case.  The  worst  case  occ  ed 
when  maximum  probe  resistance  ( 1 SK  ohm)  was  present,  a a 
here  it  was  found  that  capacitances  in  excess  cf  0.5  t < 
farads  produced  conversion  times  greater  than  0.1  sec  ' 
which  seem  intolerable  tor  this  application.  At  minim  i 
probe  resistance  (3K  ohms)  capacitances  Ln  excess  of 
1 microfarad  (the  highest  vil  e used  in  this  test)  c • s: 
o^ly  slight  increases  in  conversion  time  over  the  m' 


descriltd  above. 


-r? 


K > t • n - ci  of  tl  • i • e • 1 z • t i c 1 r c i ’ ' » « res*  1 ’ <-  - - 
by  1 1 record  presented  in  I Lgure  >.  Here  the  same  e.q 
a le*>.  resistar.ee  ’'alee.-  used  in  tit  A/D  co>  -t-rL 
v Tab ie  1;  were  used  as  input  to  the  system,  >r.d  " • • r 

was  recorded  on  film.  It  is  obvious  that  equal  tern, t r 
increments  at  the  input  to  tlie  system  produce  eq  hi  ; . 

lines  on  tr  e analog,  output  record.  (Note:  Gaps  t*-  • , 

were  caused  by  broken  fibers  in  the  record  bead  --d 
by  ma 1 fur ction  of  the  linearization  circuits.) 

l.A.l  Kcco- d:  u Head,  1-ilo  and  Develop  Ing,  Frccess 

A’.*'  . g the  recording  head,  film  and  developing  c ■ .< 
are  separate  entities,  Che  final  result  represe-  - 
bin  it  Loo  of  the  three  in  which  the  separate  fine r L ■ «s  «•  • 
dlffic  It  to  isolate.  In  general,  the  recording  head  ^ * 
f.  rm> d >s  eypecteJ  •>  that  sufiiciert  1 ! yht  was  c ; led 
the  fi'n  surface  with  the  particular  1 tj  s used.  lv. 

I imps  pr'd  iced  a me-v  spherical  cendle  pcwt.r  VMS  tb 
U..-,  wo  operated  at  their  rated  12  2t~.  1 w.,».  t 

.s  fficient  1 1 v > *"  wa»  prod  iced  at  -n  opr*  * -'l*  < 

of  10.8  volts  woic1.  is  equivalent  to  a MSc  •’  of  a:  I 

I . s,  ii  pr.<  leans  are  anticipated  in  ibtaining  .-ul!  a 
.11  nination  of  the  film  for  the  enpovi'e  time  sre  : 

‘I  is  'est  (O.j  sec.). 


J 


ir — 


:~Dh  A -A 


r!  w 

A --  _ — — — ■ 


Figure  5.  Linearity  Check,  2 F Increments.  Developed  at 
260  F for  10  Seconds  (Enlarged  Photo) 
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K C S : e fJO  6'-d  f llu  i.-  Clllllt'!  ~ O ( 

st  ed  i ! . ..  . ' t ic  .1  c;  iffifc  ; is 

. od  i d.  . d -i " s , , . >t.,dil  ’ ~-r  ed  in  • 

!'  * 1 i i m sed  i •.  t-Sr  /.sis  is  j c o • . i - I w . c 

1 s p r ed  : _>  be  v is : . . s per  i _■  r 1 e ’ »r  a-  - c 
I i:n  used  i jse  ..  Op.:  iraum  develcpme*  • c d:'  ••-s  t 

• is  film  were  t d V>  te  2 '0  to  2#0'’F  tor  ipp:  . < . " ; i . 

8 to  10  seconds.  !'  is  l::m  r . Jes  a u:  ..  it 
la'  u,  a d no  lickgre  nd  1 gg  i or  h,.!d  ; *■  - ’■ 
an>  of  tr  e rec ‘-ids  as  wis  . e case  w i > • ' a • l - : . <r  c o 
film.  Ir  l.ct,  \ tacks' c 'd  pr  'em  s dt>*  ( d ■ 
tbe  va'ia'le  Ct  -“T=SL  f i In  samples  t ike-  . ■ ''  ^se  i 
i.e.,  c:sider  ble  few*  ;-<g  • s tee  > ‘ed  t se  <c  . 

w'.  it’-  wire  processed  a o J i U n.c  . s . rU-we 
sin.!  foga ing  ’'as  bet-  . noted  w.  ‘ i * c * .is  - inn 
w'  c were  processed  at  abo . ‘‘e  same  time. 

Ar>  in-  esti gat  ion  j fti«n  sensitive':,  to  • :g  s-ot 
temper  at  :res  • as  svcw  tv  it  » emp*  *-afres  i i excess  cl  '.SO  i 
will  c a se  r at  kvtoj  «d  r id  ip.  Over  storage  c .1 1 . 
s c is  ts,i  -sure  to  .n  ien-  l . ..  , andli - h (t  . . , 

e i n det  i imen.ta  1 el  fees. 


i n . J seem  to 
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2.1  P tr  ^ 

As  p • . • 

of  pr  il‘  c . ^ > 1 ‘ 

sec  tier  . t 1 

d i sc  sses  t e c| 
system  based  on 
Volume  2 of  ‘•he 
o I odd  1 ' 1 ■ . c a 


.1  , 1 sideraci:  has 

r op'  .c  ( ‘ • - s . 


•.  d.  r t p r esen ! 

s a p 

: ■ 1 imii 

e rational  and 

1 ; r od 

1C  *_  L«  Tt 

this  design. 

Cos  r 

ci-'  [»ec : 

:t|  rt.  I1 t 

sec  ' * 

. r Is  c 

pafc i I it ies  of 

the 

s stem, 

b'.'tn  tiven  to  the  problems 
1 quantity.  Thus,  this 
arv  system  design  and 
aspects  oi  a plotter 
are  presented  in 
or.ch.ded  with  a discussion 


2 . 2 S\  n m Spec  1 1 to  ■ s 1 ns 

rhe  foilowir.*,  tentative  technu  j!  specifications  are  based  upon 
our  exper  it-  at  witl  the  biesu'...  r ci  model  and  upon  our  presently 
a. .ail  . le  knowledge  of  t’"  e Xlii  prob*.  interface;  in  general,  the 
specifications  are  conservative,  and  improvement  can  be  expected 
in  1 f t*  a I design: 

1.  Temperature  Ka>  • 2r  ’ ' 9+"  F . 

2.  lenperature  Kesot'  i. 

D' vital:  +0.1  F (raw  data). 

A-alct-  + 0.4'!  (linearized  See  Section  1.2) 
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1 Pep*.’  Res -i utii  - :o  +_  6 f . (i  i i .00  rc.  range). 

Depth  range  ..nd  resol  it  i n i r rat  ions  ranges  are: 

to  L500  ft.  with  f>  ft.  resolution, 

to  .1000  ft.  with  12  it.  resolution, 

to  4300  ft.  w . th  18  ft.  resolution, 

to  6000  ft.  with  24  ft.  resolution. 

4.  Sampling  lime:  less  than  0.1  secc  ,ds. 

5.  Sampling  Rate:  Dependent  on  dept"  range  and  resolution; 

max. rate  is  approximate!  2 to  4 samples  per  second. 

6.  Gradient  Error:  Less  th„n  + 0.lJF/£t.  for  a maximum 

gradient  of  TF/100  ft. 

7.  Gradient  Resol  ution  (at  10  f ’ . depth  resolution):  * 

Digital:  + 0.0l°F/it  . 

Analog:  + 0.04°F/f: . 

8.  Digital  Data  Presentation-  rip  to  10  tmary  or  12  BCD  bits. 

9.  Spot  Diameter:  Less  than  0.007  inches. 

10.  Recording  Medium:  Film  mounted  in  aperture  cards  per 

MIL-C-9877B. 

11.  Film  Format:  A tentative  la\eit  is  presented  in  Figure  7. 

12.  Film  Processing*  Type  ••  Dry  Process. 

Time  ■ Less  th-.n  10  seconds 

Based  on  r ,tlo  r f temperature  rcso.  • : n and  depth  resolution  - 
average  o.er  100- ft.  depth. 
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topical  ape?  atore  card 

PEA  MIL-C-3077  B 


i 


FILM  INSERT  DETAIL 


left  HAND 
ANALOG  MARGIN 
ZS0P 

SURFACE  — 


UP  TO  ^SOO'  * 

WlTU  \ 0 RESOLUTION 


RIGHT  HAND 

— ANALOG  margin  og"f 
digital  clock  TRACK 


ANALOG  PLOT 


DIGITAL  DATA 
UP  TO  \Z-  TRACKS 


FIGURE  7 
APERTURE  CARO 
LAYOUT 


Sc  MACONS 


S I z 1 : 


Not  to  exceed  1ft"  x 10"  x 20". 


1 1. 

14. 

15. 


Weight:  Not  to  exceed  40  lbs. 

Power  Requirements:  11  VAC,  single  phase,  60  cps, 

at  no  more  than  15  amps  for  a period 
of  100  seconds  per  1500  ft.  dept!  r • . 


2.2.2  Mechanical  Layout 

A first  cut  at  a mechanical  layout  of  the  system  is  presented 
in  the  enclosed  Drawing  No.  9992-8.  There  are  two  outstand- 
ing features  of  this  layout  which  differ  considerably  from 
the  breadboard  system,  i.e.,  the  aperture  cards  are  pro- 
vided in  a magazine  which  holds  up  to  500  cards,  and  a 
projection  mechanism  has  been  included  to  provide  an  enlarged 
view  of  the  bathy thermograms  once  they  are  completed. 

Other  features  of  this  layout  are  very  similar  to  the 
breadboard  system. 

The  unit  as  conceived  here  is  reasonably  simple,  assuring 
maximum  maintenance  with  reliable  performance.  The  apert  tc 
card  is  held  captive  at  all  times,  yielding  jam-resistant 
handling  and  capability  of  operation  in  severe  vibration 
environments.  Loading,  unloading  and  card  viewing  arc- 
performed  entirely  from  the  top  and  front  of  the  unit. 
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to i '.me  ,1  system  is  primarily  a card  trinsj  ■;  ■< 

fee  aperture  card  magazine  is  leaded  into  the  fir  t 

machine,  and  the  card  feed  roller  pulls  one  card  . •• 

.uf  of  the  magazine.  The  card  is  run  aperture  I -st  • 
the  guide  plates,  the  development  duct  and  i”-.c  *’•  : < 

mental  drive  mechanism.  At  this  point  the  card  teed  r 
stops  and  all  further  movement  of  the  card  is  Jt.  c • 
of  the  incremental  drive.  Positioning  of  the  c ,rd  tel 
r o the  tecord  head  is  accomplished  with  a sensrv  dev  ii  = 
which  detects  the  erd  of  the  aperture.  The  film  is  • - 
positioned  tor  exposure. 

While  recording, the  incremental  drive  advances  -l  e c .*  i 
a rat-  >f  about  two  steps  per  second  for  approx  tm  > > 

2 jO  s^eps.  The  film  is  processed  b>  drawing  f e c td 

the  de <• ' ■ '(■men  t duct  at  a high  rate  of  speed  ..  c c 

protrudes  from  the  top  of  the  machine.  Wbe  . h c t • I m. 
is  deflated  to  start  the  machine,  the  development  d c 
blower  a-id  heater  are  turned  on  to  begin  warm  | . 
will  allow  i minimum  of  90  seconds  for  the  diet  ■ ■ 
if  the  proper  temperature.  The  ductiru  is  of  1 w m is-, 

' ermal  cotiduc  t i vi  tv  design  lo  permit  fasr  wdrm  p rd 
. ini'  the  amount  of  heat  transferred  to  ot  cr  c rap  : s 
it  f e s stem.  1' e finished  b it’y  thermogr  im  m -■  v i . 
f ; p'llli  * the  card  up  about  one  inch  then  pushing  i ' d w 


s 


agimbt  the  stop.  When  the  projection  lamp  is  • :r  id 
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■ < c r (.  is  obsi-r  . td  k <ilv'.  1 ti.r  • < 
o'  the  ,;rw  ’.i  Blass  scree  . Note  ‘.ha r.  , ■ 
apt-r  - .'t  cards  m;,  be  projected  by  s :t|  1 , 
into  the  slut  on  tcp  ot  the  machine. 

It  is  .-f'tic-ipc.ted  : .a*  tb'  lamps  ar.d  si! 
(except  that  associated  with  the  power  s 
controller)  ca  be  mour.  ted  on  a sin«!e, 
layr,  printed  circuit  board.  cr.teru 
reduced  to  an  absolute  minimum,  as  t1, 
tew  control  1 i: es  will  be  required  to 
circ  it  board.  This  feature  should  er.) 
and  considerably  ease  man  'fac  tur  i*  ^ p ■ 
production  setup. 

2.2.3  Elec t rori c s 

2 . c . 3.1  Control C ire.rits 

Certain  circuits  will  be  icq  . 
operational  sequence  of  tic  s. 
problems  are  anticipated  her>, 
only  \er^  simple  control  v d 
lor  apply ins  p w.  r ope’  .. 

c a tors.  Sindard  relay  ot  f •. 
circuits  ma  tc  used  for  f esi 
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2 . 2 . ' . 2 Hr!  dgc  ( i ri  , i \ ,r  d A / I'  i on"trr  cr 


A brld^i  c : : c • . t vi  rv  similar  to  that  outlined  in 
i’aragrap  1.1. i would  hu  utilized.  Constant  current 
exit  t i.  is  higalv  desirable,  as  this  will  maintain 
bridge  sc  is  ity  at  tie  t amp  rr  itor  input  through 
..n;-  changes  in  the  sea  water  return  path.  A 
"splash"  detection  circuit  is  required  in  series 
with  the  bridge  ex i tat  ion  line  to  detect  contact 
of  the  HI  probe  with  the  water  and  initiate  the 
recording  process.  A lack  cf  complete  information 
regarding  : e probe  and  . ts  performance  during  a 
drop  (requested  several  times  from  the  manufacturer) 
precludes  a’-y  further  detail  regarding  the  bridge 
circuitry.  however,  it  is  anticipated  that  the 
vridge  will  have  tc  be  compensated  for  dynamic 
effects  of  the  probe  such  as  irterwire  capacitance, 
wire -to-sea  capacitance,  ind-ctance,  etc.  None 
of  these  effects  are  considered  to  be  major  problems, 
as  they  can  be  compensated  for  in  the  bridge  circuit. 
The  main  effect  will  be  to  teduce  the  maximum  A/D 
conversion  rate  due  to  increased  settling  time  at 
tie  comparitoi  input.  Maintaining  bridge  stability 
and  accuracy  should  also  be  relatively  easy  because 
most  critical  components  are  passive,  such  as  pre- 
cision resistors  with  low-*:emperuture  coefficients. 
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Ihe  main  act.  -t  component  is  ft  < • , 
should  exhit  It  ^ imnar.  dr  if:  v > i 
temperature  compensatt  <1 , si'ie  f I 
ferential  and  isolated  fr  m t ’ e s ' 
With  a bridge  exitatici  ■>  e c c r i 
am[)  the  comiaritor  thresh  :d  will  ' 
approximately  + 1 mil  live,  t w’  ich  is  «•. 
the  state-of-the-art. 


Several  methods  exist  for  controllirg 
resistor  in  the  bridge.  two  general  ru  ' 
available,  one  uses  counting  tech-:q  v 
other  uses  some  form  of  successive  p|  r 
Variations  on  these  general  methods  a.<  i 
extensively  in  the  literature'^  d w.  . 
discussed  here.  Without  detailed  krr^  * o . 
probe/bridge  characteristics  if  is  s mw 
ficult  to  establish  design  criteria  i t.  t 
digitizer.  However,  certain  outside  ii 
be  established  and  used  as  guides  1 nee 
For  instance,  a limit  or  digitize  s , ■•(  ; c 
may  be  estimated  and  used  to  help  esti 
optimum  form  of  digitizer  logic.  it  * i 


(2)  For  instance,  see:  F.  I).  Daley,  Jr.,  "A  ilc>*-'  Dii 
sion  Techniques,"  Electro-Technology,  May  19b7,  pp.  it 


; .rad  if rt : 


,’issumpc ions  art-  made: 


Maximum  lenper-.Lurr 
Maximum  allowable  gradient 
KT  dro|)  rate:  20  ft/sec. 


5°/ LOO  ft. 


error : 


O.r  t . 


Then  maximum  sample  time  of  the  digitizer  is: 


0 « 1 F°  ^ = 0.1  sec. 

5°r/l00  ft.  x 20  ft. /sec. 

Appendix  A presents  an  analysis  of  three  common 
digitization  methods  with  respect  to  their  effect 
on  settling  time  at  the  comparitor  input  assuming 
a maximum  sample  time  of  0.1  sec.  Results  of 
this  analysis  are  summarized  below: 

Type  of  Digitizer  Max ■ Sett1 ing  ' i 

Counter  0.1  msec. 

Tracking  Counter  5.5  msec. 

Successive  Approximation  9.L  msec. 

For  the  conditions  assumed  above,  a successive 
approximation  digitizer  places  the  least  stringent 
requirements  on  the  system  because  it  permit-  mi- 
settling  time  at  the  comparitor. 


rr 
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AltVcugh  this  type  of  digitizer  requires  nine 
circrier’  the.,  the  counting  method®,  it  is  -.t 
u.id'J i"  complicated.  In  many  respects  ic  ic  s:nf  r 
to  maintain  and  troubleshoot  because  the  S’ccc-c:  *- 
upproxima  t ic:  method  follows  a consistent  timl  . 
sequence  for  etch  conversion;  whereas  the  t '.r  •.»' 
sequence  in  counting  types  varies  deperdi"c  on  t < 
accumulated  count. 

For  thus.  reasons  the  successive  approximative 
digitizer  is  recommended . 

2.2.  I . ' Linearization  Circuits 

As  discussed  in  Paragraph  l.J.2  two  method®  ot 
linearization  have  been  considered: 

Parallel  Method 

The  parallel  method  is  illustrated  in  Fiturt  fc,  >•  j 
f r an  analog  plot  with  170  possible  points,  ! ( 

"And"  gates  are  required.  The  gate  inputs  a-- 
driven  by  buffered  outputs  from  the  A/D  co  .>  rt 
Decoding  is  set  up  such  that  each  gate  selects  t • 

A D output  states  corresponding  to  a particul, 
temper!  ture  inc  rement  v in  tr.is  ca6e  O.^F  1 nc  1 e s , 


J 


DIGITAL  OUTPUT 
FROM  A/D  CONVERTER 
(9  MOST  SIGNIFICANT  BITS) 


DRIVER  CIRCUITS 


TO  LAMP  iH 


TO  LAMP  in 


ANALOG 

DISPLAY 


FIGURE  8 

DIGITAL  LINEARIZING 
CIRCUITRY,  PARALLEL 
METHOD 


Wi  M proper  -.election  of  circuitry,  the  total 
number  of  parts  required  with  the  parallel 
method  may  be  minimized.  For  instance,  inte- 
grated circuit  "and"  gates  are  currently  available 
which  curtain  an  output  stage  capable  of  driving 
small  incandescant  lamps  directly,  thereby  eiitni  - 
atirg  the  requirement  for  individual  lamp  driver 
circuits.  A parts  count  for  the  parallel  method 
yields: 


Quantity  Part  Type 


Decod ing: 

170 

In  tegra  ted 

Circuit  Gates 

Drivers : 

18 

Transis  tor, 

rned i im  power 

34 

Resistors 

242 

Total  parts 

c ount 

Serial  Method 

A detailed  explanation  of  the  serial  method  has 
been  presented  in  para.  1.3.2  excluding  any  dis- 
cussion of  the  required  decoding  and  lamp  driver 
circuits.  Although  the  decoding  is  less  complicated 
'ban  that  in  the  p.t  illel  method,  it  still  requir*  - 
approximately  the  curm  number  of  gate  circuits  or 
its  equivalent  in  a di  >de  decoding  matrix  and  lamp 
driver  circuits).  Thus,  no  par's  savings  can  be 
anticipated  with  respect  to  the  parallel  method. 


TT 


■ nm,)arisiip  ot  .lr.iliel  ;n  d Serial  Mt  ’ (_.  -as 
In  addition  to  at  increase  i'  *h<  r m'  i-r  of  if 
required,  the  ,-eri  iJ  me t * od  has  other  leaf  iriv 
which  are  less  desirable  than  lie  parallel  a,,  roae  * . 
High  speed  circuits  <ire  required  in  order  i tr'orm 
the  linearisation  in  a reasonable  length  >1  • . : m< 
ard  reliability  i-  considerably  reduced  beeai  sc 
the  failure  of  a single  cirsiiit  in  'he  striai 
linearization  process  cai  cause  total  fail  r • . 
Furthermore,  t roubleshoot  ir.g  is  diffic_.it  uusirg 
an  increase  in  mean  time  to  repair  a fail-  re.  -r 
the  other  hard,  a single  gate  fail  re  it'  the  par 
allel  system  is  not  catastrophic,  and  location  ,n  i 
repair  of  t’ e failure  is  relatively  simple  be  a -t 
each  circuit  is  associated  with  an  irdivil  a lame. 
Pe  or  ly  fai  lure  which  an  be  considered  c i'is'r  I. 
is  that  of  one  of  the  driver  circuits,  and  lo  ati'n 
and  repair  of  the  failure  is  still  relatively  c;m,  !e. 
For  the  reasons  stated  above,  the  parallel  method 
is  recommended  for  use  in  the  final  system  design. 

1 . 2 . '•*  Film  ih  ve  1 q;  inn  Meehan  i sm 

The  developing  mechanism  consists  of  four  haste  par's, 
i.e.,  the  development  duct,  the  blower,  a heating  element 
and  a temperature  controller.  Based  on  tests  wit*  t • < 
breadboard  system  basic  requirements  for  this  mec'anism 


s 


-rj- 


,in  tr  "i  int  in  a flow  o'  ■ • a:r  over  f : i rr  r f -»  < 

it  api  roxim  1 t e 1 v si'  c fm  ,»p  1 ,.tO°F,  " i h#  hr^ad’  i r ! 

j-vs’cm  nr  open  t"  i method  was  . st  d where  am1  nr-  i i r 
was  heated  to  the  required  temper  it. ire  passed  <>•/•  - • ,• 

film  - .rt.u*'  and  then  ex' an  ted  This  method  require  1 a 
larg<  beating  element  (o-  the  order  of  0'v''  watts)  r d i 
temperature  controller  capable  of  handling  sjc1  • wer  If 
i recirculating  system  were  sed,  the  total  power  rtqjir'd 
wo..ld  be  significantly  reduced,  and  there  wo  i ' 1 Ke  !e  <*■ 
dependence  on  ambient  air  temperature  which  wo > . d fur"  rr 
reduce  the  maximum  cower  requirement-.  i ce  "er*  wi 
or  doubt  ed 1 y be  some  air  loaj.es  a complete  'v  : los«  f -v-n  m 
is  impossible.  Thus,  a recirculating  system  i*  reommerded 
wi  >vi  partial  intake  of  ambient  air.  The  ra  t : o of  re- 
circulat'd vs.  outside  air  car  only  be  optimised  t1  rough 
detailed  analysis  and  exper  imer  tat  ion  u”d  is  t-evv'i  t'.e 
s >pe  of  this  study. 

An  estimare  has  been  made  of  tee  mavim.m  cover  required  to 
heat  the  auctipg  up  to  ten.perac  jre  tr  a rea-orable  amo  r • 
of  time  and  to  mairtair  tempera  t .ire  after  t':s  Mme.  lo 
reduce  . or.vect  i ve  heat  los.-ts  an  iii.m  ’ att  1 de.  c 
diet  has  been  assumed  ol  the  f irni  ll  ustrated  in  Fig  re  3 . 

A r'  ir,  polished  n>'ai  interior  is  used  to  rii.ie  s'ored 
hea'  and  provide  minimum  radiatioi  Josse-.  lo  • ' >w  for 
lard'ir.g  and  fastening  a metal  exterior  of  rea ->on.iv  . 


w. 


TJ- 


is  j ‘ i'd 

rwo  conditions  ire  of  impn-t  ti.<  - u-i  1% 

boa*-  losses,  and  . warm*,  p 1 «a'.  req  • r<  d.  B tt  • •'  1 
tions  will  be  minimized  whei  the  amhie:  • temp*  - . • j r t s 
the  lowest  requir'd  of  the  svstem.  ri  • s , )./'<• 

assumed  as  the  lowest  ambit  r ' operating  tempera t j rt . n , 
duct  operating  temperature  is  about  ,;b0°f . From  tt  ic  iar0 
the  steady  state  convective  heat  loss  i-  cal.  ila't  1 a, 

3.01  BTl'/mir  (or  about  50  watts).  With  ' he  d.ct  toi  c,r  t 
ion  as  shown  either  all  alomiram  al  ’itiirnm  steel  or  ill 
steel  car.  be  used.  The  critical  hear  transfer  diameter 
for  a duct  of  this  cross  section  is  calculated  to  be 
0.824  inches.  Maximum  heat  transfer  wo >11  i.c  r at  rl  i - 
diameter,  and  this  is  avoided  with  the  two  :u  diameter 
shown  in  Figure  9. 

During  warm-up  heat  will  be  lost  in  three  | laces:  !' 
heating  the  air.  (2)  heating  t^e  duct  and  blower  a'-semKv, 
and  (3)  convective  losses  as  the  outside  of  the  d .t  warm- 
up. Item  (i)  is  negligible.  Py  assuming  the  entire  iui f 
heats  ap  to  2fc0°F  and  lakiig  one  t-alf  of  this  \>al..e,  a 
conservative  estimate  of  the  heat  stored  m i^em  is 

obtained.  Similarly,  assuming  only  one  half  't  tl t steady 
state  losses  will  occur  during  the  warm-up  period.  i con- 
servative value  for  item  (3)  may  he  established.  It  a /5 
second  warm-up  period  is  assumed,  the  heat  input  required 


to  bring 


tt 


the*  ductirg  ; to  temperatirt  is  1 . . -*K  BP  mir. 
This  will  require  i heating  e 1 ewer ' ritfj  a • a1-  > ’ «../) 
watts.  Once  up  to  tempt  rat.ire  t‘e  blower  motor  < P 
input  alore  may  be  sufficirnt  to  maintain  term  crat  jr< 


2.2.5  Projectin'  Mechanism 

The  projection  system  is  comparable  fo  any  c‘ar  "i  iri  - ! i- 
projector  mechanism.  Of  particular  interest  in  tnis  <se 
is  the  power  required  by  the  projec 1 ion  ’amp  a-  ' 1 
affects  the  size  of  the  lamp  and  the  amount  of  Ueut  ro 
be  dissipated.  An  estimate  of  the  required  ’amp  power 
is  presented  below: 

Assumptions: 

1.  Screen  Area:  3"  x 5"  or  about  0.1  ft 

2.  Rear  Projection  Streep  Cam:  .. 

3.  Reflectivity  of  front  of  scree  : . 

U.  Ambient  light  on  screen:  10 1 ft.  i 
5.  Desired  Contrast  Ratio:  *.0.1 

h.  Efficiency  of  lens,  film  and  mirror  -vs'em:  3 
Calculat ions : 

1.  Amount  of  ambient  lig^t  refit. ted  off  front  if 
screen  - Reflectivity  x Ambler*  or  \ x 10° 

20  ft-cd. 

2.  Required  Rear  illuminance  =• 

com  ras  t rati  o _x Re  f le- r e j And  l ■ > ' 

screen  gain 

or  „()  x 20  t.  ho  ft-cd 

2.5 

).  Required  turners  at  rear  of  street  = lllumiran^e  v 
area 

or  HO  x 0.1  = lb  lumers 


.8 


4.  Lumens  required  at  lamp  = Lumens  at  reen; 
ef  f ic iencv 

or  - 51  lumens 

.3 

Since  incandescart  lamps  typically  produce  10  to  ,.0  ljmer- 
watt,  about  a 5 watt  lamp  would  suffice. 

The  above  estimate  is  rough,  but  it  does  indicate  that  tu-e 
projection  lamp  requirement  is  very  nominal  ard  sHocld  rot 
present  any  problems  in  power  consumption  or  eat  Jissipa' 


ion . 


3 Operational  Aspect c 


2.3.1  ■ tpor.i t i mi  :.rc|-it';'.  L 

Figure  10  if-  a flow  diagram  1 1 1 js t r . f i ■,  g t‘ e uq';<:.a  o 
operations  performed  by  th<  o-.  orator  ard  tP  i.stcn  to 
produce  one  record.  Opera t or  i»  terv<  • i ir  o req  Ored 
in  orlv  two  places,  and  or.ee  power  i'  ap.-.ied  Tl“ret 
basic  sequences  are  involved:  (1,  ad  “to  B!  ir  t 
laancher  and  press  t’  e load  swi'd  on  t'e  [ lotter.  i i 
operation  prepares  the  system  for  la  . gR  - ».autcu 
tbe  BT  and  record  data.  -3)  Process  *he  fi.'t 

The  flow  diagram  also  ill  i‘tra:t«  the  : r- rer  lock  - w it' 
must  Re  complete  tefore  t'a.3  of  the  •-eci  er  > d re  pt  r- 
mitted  to  begin.  At  tbe  e~d  of  *0  e pro  s ii  g ;y  U 
the  system  is  retimed  to  it  r initial  «-tate  a d is 
ready  for  another  BT  drop. 

2.3.2  Re  1 lab i 1 1 1 y 

1'be  reliability  estimate  presented  m Appendix  B vieli- 
and  MTBF  figure  of  421  ‘■o.rs.  This  seem  to  be  r t er 
for  a "nearly  all  solid  stare"  device,  bo  wil1  Ke 

seen  from  the*  di  scuts  iot.  to  follow,  t*  > - t’e  re  r<  r r<  se» 
ar  extremely  conservative  estimate.  A mor-  r<  tii-ti 
fig  re  bas  Ke*  r e s f i nvt  * e d at  1 , T'8  1 i r>- 

First,  however,  consideration  is  giver  ’o  *'  i w'rs’ 


c a se  i ~ 1. 1 rPci  e i n re ' a * . to  i * a 


* r 


'f  the  eq. ipmert  a’’ i n terms  l : • mcar  u • • r'<  ■ > 

ct’r.‘or"e:  . If  it  1 «■  ts-mei  'l»t  M ivi  ••  1^1  -i  of 

t ue  avu*  em  will  mo  .••  * , .1  v , 1 •'  I 1 >••  r ' tor  * •- 

per  •oil  t1  er  t^e  a :•  a 1 . ele-  iar  * im<  ‘m  f •.-«  • (,■'  res 

may  1 e estimated  a‘  foil ow~ : 

A.--imirg  average  s\  stem  or.  raff  r f - dro:  : 

A mm  • ec  'O.Oi  irs.) 

4..  l_P_o  1 £.2  _b£  ’ ld££  fail  r<  - . mot  •’  s 

S'. 01  1 rs/  irof  < 71  imps  mo. 

Of  r o it  - t } fii?  f i g j re  i - v rv  < v t i m > ; k»  ■ t t 

certain  rate  of  componer'  i r«- r mra  t ; o-  evi  * - w‘ c1!  ' 

the  system  is  operating  or  i o' . - • r : * - n :i  »'ie** 

of  w'at  can  be  expected  r • <-m-  of  • •-  -tem  «e. 

A more  realistic  MTFP  eo'fiw't  r<  a t i'  ot  - ie  r m i on 

is  given  to  the  particular  s\.-'tm  i « s . u*  a 1 1 > - 

reliability.  From  Appendix  P •>..«  .a -t-rve  • 1 r'< 

incar.de scant  lamps  :sei  in  me  rerori  it  1 rtnMy  are 

by  far  >ve  greatest  contributors  m ,l  < '>  < t'.i  if 

rate.  is  is  due  to  t-He  iarg<  r m*  er  of  imp-  ; . 


The  major  ihv  !7n)  of  f e®e  tamos  at. 


r a ''n 


plot  wP  * re  failjrt  of  a single  t . 1 •>  'r  ■<  era  1 !'"■ 
if  they  are  not  ad  ja.'er*  to  or,  at  of  e r)  w > ! ! r f *-• 
considered  catas^ropi  >c  , .«•.**  it’i  m,iv  K<  a ’’v 

interpolated  over  t t-  , r poim  . Pi  • .-ef  Jness  of 

the  rt  ord  jnder  svch  a fai  .tv  cot  •••or  ;s  ro*  it,  .tirei, 
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if  ran  dntn  i a i . r-~ 

a;  .log  1 ir-ip .=•  i11'! 
l rop!  i c , t c > ' ‘ < 

liability  • = t i ma  * 
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A]  f'ovg*  these  ari'.imi'itt'-  cat  n <t  he  c or.  i*  r<  * r gar  ■ 
their  development  is  also  not  ■'  < r . v t m. . - 1 . . T i<. 
it  is  certainly  reasonat  1*.  to  e * : e * > a • a * ’PF 

figire  fhat  n well  in  eyeess  ■ f ' 1 1 v»  . m>.  1 r ,uc 

Appendi  v. 

3 . 3 to  v , ror,tn«  n t_a  1 >rs  l deration 

In  a ,r  opirior,  fere  is  nothing  i.  ler^r1  f ■ ft  “ stem 
which  wmild  negate  comilidr.ce  witl  -'i  e > ' rt 

qiiremcts  of  M!  ' -f • <00  F,  <'a-,;  . V' e -<,n  «ivc  ~c 

of  solid  state  devices  in  t1  e c-q  i [.  n*  - n « - * rt  - ‘ ' gh 
reliability  ard  eases  the  lesig>  fabrication  'ask  re'ated 
to  meet  :i  g f c environmental  spec  i f ica  t i tr  • 


2.4  1 roduc 


2.4.  J 


- * A*-;'1!1.*.  s 

GtT.rr a i Discuss  ion 

Tl  e production  of  fiber  optic  plotter  -v-tem-  •>  - > 

reived  and  described  in  r *,e  recur*  w i j ' 1 • .i  r»  > t : v<  1 v 
simple  task  for  an  organization  w’  u*  i-  we 1 I .<  quirted 
with  and  equipped  for  fabrication  of  mi i t.<rv  eo.tr>r:. 
equipment . 

f’e  plotter  system  corsiscs  mainly  of  oji  Jar!  ar*  • 
common  to  commercial  and  military  i iertro*  i .v  i 1 i • . 
processing  equipment  , and  tv  iq  re  or  special  faK  ri:a 
tion,  assembly  or  quality  ass.urar.e  rroced  ores  are  r 
qjired  for  production.  The  onlv  elemert  r*e  -v-"em 
which  represents  a rew  ard  somewnat  de  i ate  rrol  ' i -r 
problem  is  the  fiber  opti  recording  in,}j  Ba-ed  'n  o r 
experience  in  the  fabrication  of  1 wo  d.ffer  nt  load 
assemblies  for  the  breadboard  svs'tni.  tb  i * .roh’«m  < o 
be  greatly  simplified  with  a few  roperlv  les’.g  ed  "o 
and  fixtires  whicv  would  permit  the  1 f ii  to  be  as-emf:*  i 
ar  d cast  ir  epoxy  without  t*’e  expensive  * ar  d ! : r g req  tired 
hv  the  milti-step  mar  :aj  process  'isei  r o r iv-t  effort-, 

I‘*  1^  no  severe  prod..  tior,  problems  iri  art;  ..  i'l  l. 
Firthermore,  there  are  many  aspect-  of  the  Je-:g'-  w1  1 
tend  to  simplify  prod  ction  as  compared  wit>  similar 
equipment.  Some  of  these  feat. tree  are  1 . s,  ,--td  i tl  « 

• i 
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following  para  graph  . 


2.4.2  Design  Features  Whirl)  .simpl.ty  ' rod  .■  : i o' 

Certain  features  of  the  design  tor  tribute  to  toe  r<  • 
duct  ion  of  production  problems  and  result  in  ess  ex- 
pensive and  more  reliable  equipment.  As  an  e<a"i  It  , 
the  system  is  easily  broken  down  into  <-iy  ma'or  -u,'>- 
assembl ies : 

(1)  Printed  Circuit  Board.'Jpti  - a s - v . 

(2)  Blower  and  Duct  Assembly 

(3)  Card  Transport  Assembly. 

(4)  Viewer  Assembly. 

(5)  Temperature  Controller. 

(6)  Power  Supply. 

Each  of  these  sub- assemblies  may  be  fabricated  and  ft  -ted 
on  an  individual  basis  prior  to  insta  1 Ja  t . oi  ir.  ' e mair 
chassis.  This  will  greatly  facilitate  jroii'i"!  a' 
these  several  operations  may  he  performed  sim  .1  t ar  eo  .sly 
rather  than  having  to  comple’e  one  a-.-emhlv  1 • for  work 
can  begin  on  another. 

An  outstanding  feature  of  the  design  i‘  the  single  printed 
circuit  board  which  houses  nearly  all  of  rh<  < 'ectnmii  <. 
By  using  onlv  one  board  the  prod  " t ior  pro..  ■ - b great  I v 
simplified  because  "back  panel"  wtrug  i-  eliminated,  and 
fabrication  is  reduced  to  stuffing  campon.  n'«  of  t't  hoard 
and  dip  soldering.  Reliability  it  al-.u  enarcel  a-  the 
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many  connectors  and  wiring  harne-ses 
multi-board  system  art  not  required. 


-.sen  i a t ed  w i ' a 


It  i « also  p lamed  ♦ b«t  the  card  tran  sport  rot . * > ;.-m  w . ! 
he  self-contained.  i.<  . . it  w:  I l><_  mon'cd  01  it-  own 
s ih  chassis  ard  wi  1 l not  bo  depcr.dci  or  m.i  r c''a-si- 
mojnts  for  dimensional  stability.  flu  ■ «rhem«  mav 
cause  some  slight  increase  in  parts  vos'  hat  it  will 
facilitate  construction,  alignment  and  test  during 
production.  it  also  eases  the  requirctnei  * - on  dim.  .onal 
tolerances  in  the  main  chassis.  This  i <•  a definite 
advantage,  as  the  main  chassis  is  perhaps  tl  e most 
difficult  mechanical  part  in  which  to  ho 1 d tight  tolerances 
These  same  features  are  also  important  w;rh  regard  :c 
maintenance  and  repair  of  the  equipment  oi. . t it  rcale 
the  field  because  this  modular  construction  sirnn.^fies 
the  location  and  repair  of  faults, 

2 . 5 Additional  Capabilities 

One  outstanding  feature  of  the  plotter  system  is  it-  cu;.d  ill  t y 
of  providing  outputs  to  other  mediums  in  addition  to  :he  a art  .re 
cards,  i.e.,  telemetry  links,  magnetic  or  taper  > aoe  recorders, 
direct  computer  input,  etc. 

Of  particular  interest  here  is  the  possibility  of  record  re 
1ST  data  on  punched  paper  tape  in  a form  compatible  with  req  lire- 
ments  layed  down  by  the  Fleet  Numerical  Weather  Fat i itv.  Ili-e 
records  could  be  prepared  on  standard  h or  8 level  tel  tvpe  tape 
suitable  for  transmission  over  exis'ing  Navy  communication  circuits. 

is 
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A relatively  sma  1 1 amount  of  a da  it  io-a]  dig'  t -i 1 ir  ii  tv  w ■ 1 

be  required  to  interface  with  a standard  paper  tape  i T.  i- 
tt  is  case,  however,  it  would  be  most  advantageo  ..■>  to  nave  tl  c 
A/D  converter  provide  a BCD  (binary  cod'd  decimal)  '•  n rat'  tr 
t li  m the  natural  binary  type  previously  discussed,  p :t  would 
be  directly  compatible  with,  the  teletype  code.  temperature 
would  then  be  recorded  as  three  digits  representing  tens.  units 
and  tenths  of  a degree.  This  would  add  some  comp  I-  xi'v  t i the 
A/D  converter,  but  it  would  not  be  excessive.  Ire  tr terfact 
circuitry  would  then  consist  simply  of  a digital  m,Jtip!exer 
capable  of  sequentially  scanning  three  BCD  characters  or  to  a 
common  output  buss  for  presentation  to  tbe  tape  out  ' mec ‘ an i &m. 
This  co 'id  oe  accomplished  with  as  few  as  10  integra'ed  .ire  ;f 
chips  assuming  the  tape  punch  contains  its  own  -o'er 'id  dri1'  r 
c ircui ts . 

As  envisioned  here,  the  tape  would  be  punched  whi’e  'Le  B V 
drop  is  taking  place.  bach  time  the  A/D  convert  r makes  a 
conversion  the  interface  unit  would  scan  t^ree  characters  v,r 
to  the  punch.  Timing  is  no  problem  because  aboi  * 0. i sec.  is 
available  between  conversions,  and  even  the  slowest  rarer  rape 
pun  hes  (about  ?.0  char. /sec.)  can  record  ip  to  eigl  f ('  in  t er< 
in  this  time.  Th  is  same  set. erne  could  be  applied  to  a1  v ot' i r 
device  capable  of  receiving  or  recording  digital  dal i . 

Ir.  our  opinion  there  is  no  question  as  to  the  technical 
feasibility  of  this  added  capability. 
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Up  to  this  i t i;  study  r.o  < '"•side  ratio*  t (s  ’•‘e*  g.v 

blem  of  trarscribin;.*  the  filmed  digital  r c*rth-  e '•  > i <•  l 

such  as  magnetic  tape  fr  computer  t ••try.  Io  r.ti  ly  "t  ii  t > 

card  cor.  » pf , sow  type  of  film  "reader"  equipment  w'.l  : « • 

central  depository  for  BT  slides. 

One  very  obvious  me  th.od  of  reading  the  aperture  card  c «--'S  . s • s ‘ - 1 ■ 

versing  the  recording  process,  i.e.,  use  a fiber  optic  head,  . t 

source  behind  the  film  and  individual,  photo  cell  senv.rs  t ' * . d • 

digital  data  on  film.  However,  this  method  would  requir-.  -t  - * . s- 

mechanical  tolerances  between  a common  card  reader  avd  severa  ’ *•  at  d 
recorders  scattered  all  over  the  world  in  order  to  q 

registration,  and  the  problems  of  mai.  ter  a .ct  , r.  i lib  r.  t . o ‘ 1 1 

would  be  overwhelming. 

A more  ideal,  method  would  involve  an  adaptive  reader  where.  1.  ct  .*  1 

registration  could  be  easily  accommodated . Such  qulpni-'t  <*■  • \ i - i*. 

form  of  flying  spot  scanners  which  are  currently  used  h.  *.ppl  lea  *. » s sirila 
to  this  one.  These  systems  are  adaptive,  have  a resolving  [ w * h exc  .•  ss 
of  that  required  here^^,  and  are  capable  of  producing  *r.p”  rr  *t  • ':*! ' t 
outputs . 

Thus,  the  flying  spot  scanner  would  s.-t-m  to  be  a*  ideal  :e  «J.  •*  i . Lvm 
for  BT  aperture  cards.  It  is  recommended  that  c c nsi  der  at ' o-  * »'*«*  o *’  ' 

method  in  future  plans  for  aperture  card  plotter  systems. 


(3)  Brown,  C.J.,  "K*^el"tion  of  Flying  Spot  Scanner  Systems,"  1 f H Sp>  ^ tv  un, 
August  19f.7. 
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PART  'V  - - '.'MVARV 

3.1  Cope  1 is  inns 

Phase  ' of  this  «tudv  established  *ec:  i-.cal  fea'i1’  "v  f ' t 
fiber  optic  recording  technique  and  demo:  s *■  rated  M qP  0f  a 
completely  new  drv  process  film.  -1  ase  ’ ‘as  evrar  it  1 ro" 
this  previous  work  to  demonstrate  ti  e tec1*  ical  tea  1 iry 

of  digitizing  expendable  BT  data  and  linear-,  zirg  :1  ; iat,  in 
the  digital  domain  for  presentation  in  an  ara’og  plot.  Further- 
more, economic  feasibility  of  the  proposed  f i r o:  *•  -otter 
system  has  Fee"  establ  if  tied  >>  ro  .gh  a pr<  " .•».•  >-ar"  ' g*  ai.  J 
cost  estimate  wl'ich  indicate  t’-at  tl  ese  r i ' cai  l<  nroicii 
for  the  Navv  at  reasonable  cost  as  shown  :r  do  1 im<  ' . of  ■ t 
report . 

The  plotter  system  will  produce  bathy thermograms  in:r  iari 
aperture  cards  with  both  analog  aid  d g.'..!  , r<  st-  -a*  •;»  . of 

the  data.  ^be  system  is  relatively  simple  a>  i,  * er-  for  , 

reliable  due  to  tl  e extensive  use  of  digi'ai  ; r, t egra i rirci  ts, 
a conservative  mechanical  design,  ai  d r -e  -impl.  i:v  •>£  *’•  » fi  m 

processing  meclani«m.  T‘  • re  are  ro  < x • rei»-  ’ •.  »•  r ‘ t l a ’ r-  a 

in  the  sv  stem,  as  the  technology  an!  parts  r» q • r<  1 are  a1 
well  within  the  state  of  the  various  arts 

Additional  capabilities  of  the  system  may  he  \ lolled  t1  ro  gh 
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i lii  1 1 l«l  i I i i mi  hi  1 ncx  pi  if.  i vi  i til  • t i !(•  mi  i I • wli  iili  hi  1 'I  pen  i i I 

1 1 i t i ■ c t rii.  i 1 in.-  .1  tin  In  (in  paper  t < : •.  r other  mod  iums . 

A direct  inti  rf. tee  witti  I.  Ii  tnrlrv  I ini-  o a computet  is  also 
pn;  • il'li  il  Vi  ry  minimum  . ■ p.  use  and  i .mp  1 ic.it  ion. 

Tlii  systfm  .is  unuviviil  hen  in  i vrrv  t 1>  tbli  , il  can  In 
produced  < i a • iii  mu  i i . 1 1 1 \ , nil  it  1 1.  hi  I . I | i . v i ■ 1 1 m.  in  v , r I 

t i * tub  1 1 1 I i . n pi  ■ i , 1 1 i on  11  111  1 1 i I I • ( t - * pi  1 I I I II  l I 111.  I i i i • ||  • . 

IT  I 'IK. II  II'  l.lt  j Hlf. 

There  are  I i vi  prime  arenr,  where  additional  study  or  develop- 
ment would  hi  desirable  and  profitable  prior  to  considering 
I ( i "In  i l ion  ill  l hi  so  svil  i ins  in  ipi.in  t i t v : 

( I ) Probe  I lit  i i | iic 

Although  no  major  problems  are  anticipated,  some  testing 
ol  Federal  stock  XBTs  will  he  required  to  establish 
finalized  tolerance  limits  of  (lie  recorder  input 
c i rcu i t ry . 

( .' ) Record  ini',  lle.ul 

S i iii  a soiiie  d i I I i cu  1 1 y i . i n be  an  I i e i pat  oil  here,  an 
investigation  should  be  marie  into  t lie  problems  ot 
procedures,  tools  and  fixtures  required  to  produce  these 
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i t ems  i n quant  i t y , 
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(')  Improved  Re  J iabi  i i t v 

1 l is  our  opinio  j ' • he  i < 1 1 ili  L 1 i ty  j r<.  , 
especially  a-  regard-  • ' «•  ...i:  Us.  r.  lamp-,  car.  be 

improved.  ‘nine  cor.  ertr.'ed  • ‘ : >rf.  i.  ' i~  rea  would 
result  in  dramatic  improvem  it  ii  reliability  due  to 
the  large  number  of  lamps  > »ed  in  tie  s.-tem. 

(4)  Film  Stability 

The  dry  silver  film  used  or.  ,l  s project  i still  re- 
latively new,  and,  although  tbe  manufacturer  claims 
rear  archival  quality,  we  fee!  tr.it  further  investi- 
gation? should  be  made  into  stability  of  the  film  under 
anticipated  storage  conditions. 

(5)  Additional  Capabilities 

Prior  to  solidifying  the  iesign  of  ' l-  .system  "he 
possibility  ot  interfacing  wit1  other  t fi  . ip  ment  s should 
be  considered  and  at  least  allowed  tor  t ' svstem 

design.  Ir.  order  to  do  this,  some-  ffort  cl  i.ll  be 
expended  to  identify  and  defirc  sich  uou;t;c  inter- 
faces ar  i to  determine  both  technical  a'  J t : o-.omlc 
feasibility  of  *he?e  added  features.  ^ .ch  an  effort 
would  be  very  rewarding  if  it  avoid?  a cost  y and 
time  consuming  modification  and  ref.t  preigram  at  some 
later  date. 
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!) i K i t 1 za t ion  Me t h < >d^. 

Since  the  conversion  speed  rcq.  ..red  i<  ' :<  • i * verv 

nominal,  consideration  'as  bet  n give:  ’•>  or  b,  t-ree  relatively 
simple  digitization  methods.  These  methods  are  considered 
with  respect  to  their  effect  ni  sct.l;.  • i " t at  t'-e  com- 
paritor  input.  In  of1 er  words,  the  v i ‘ or  c.o  k rate  of  the 
digitizer  ‘-as  beer  determined  in  each  ia-e. 

(a)  Counter  Method 

Ore  of  the  simplest  digitizer'  ,’ilires  a counter 
to  drive  the  digitally  control  hod  resistor  in  such  a 
manner  as  to  create  a rami  function  . T1  e resistor 
increases  linearilv  wit'  t in.  • r 1 2 ;•  compares  with 
the  thermistor  resistance  . T‘t  counter  is  then  stopped, 
and  the  resulting  number  stored  in  tie  cour ter  is  a 
digital  equivalent  of  the  thermistor  resistance. 

The  sam;le-tlme  i-  there f r^  proport  ior a 1 to  the  count, 
n,  and  it  reqiires  n clock  pulses  to  reach  the  balance 
condition.  The  worst  cast  cinpi  timt  occjr-  when  a 
full  count  of  1 , Ol’A  is  aeon,  lated.  Mav-mom  settling 
time  Is  estimated  as  follow  : 

Hui ht-i-  * o.i  mSec. 

10d.4  courts 
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(b)  Tracking  Tour, ter  Mi*.!!  ! 

Til  i s it  a variation  on  ' * . • • i • r.'.ir>g  method  wherein 
an  up/  down  counter  • u i 1 . it  to  i \ : iocs  not  reset 
at  the  beginning  vf  earl  !„•  eroor  w t1  the  simple 
counter  method.  I *.  mi r . ■ 1 > id:-  f * « rvious  count 
and  tr.en  counts  up  or  down  ,s  requ  rt  d at  each  con- 
version time.  Thus,  the  maximum  number  of  counts  is 
a function  cf  the  gradient,  i.e.  ; * depends  on  how 
far  the  parameter  has  shifted  from  one  conversion  to 
the  next.  At  the  cold  end  of  ti  c .rm . craturr  scale 
where  the  worst  case  temnerat  are./ris  1st  ante  rate 
exists  (510  ohms/°F)  we  nay  calculate  Che  worst 
case  bit  rate  of  change: 

_510  ohms/°F = j4.i  or  about  .35  bits/°F 

14.75  ohm/ bit 


With  a gradient  of  l°F/s»c,  the  equivalent  bit  rate 
of  change  is  35  bits/sec.  Now  if  samples  are  taken 
twice  per  second,  the  maximum  number  of  bits  accumu- 
lated between  samples  is  3.:  bits/sec  /..  or  about  18 
bits  (or  counts).  Maximum  settling  time  is  then 


0.1  sec / sample 
18  counts 


5.5  msec. 


(c)  Successive  Approximation  Method 

This  method  results  in  a constant  sample  time,  but  it 
requires  somewhat  more  circuitry  than  counting  methods. 
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Sometimes  termed  p>  t r.J  ' ike'1  t 1 • m<  thod  operates 
as  de  - ril,ed  below. 

Iiit.  t1  e mu , t ••  si-.nl  ie  n*t  i 1 is  » • wr  ich  places 
half  of  t'e  total  .mo'  li  rc.-i-ta'  e i-  the  bridge 
circuit.  The  com  .ari  tor  df’ermii.--,  w:  ether  this  is 
greater  or  loss  than  the  therm’stor  resistance.  If 
greattr,  the  most,  significant  bit  remains  set.  If 
less,  it  is  reset,  aid,  1:  eiMer  case,  the  next 
most  significant  bit  is  set  placing  i of  the  total 
resistance  in  the  bridge.  Tie  process  is  repeated 
through  t:  e least  significant  hi  * (l,  lh  of  total 

resistance).  Thus,  allowing  me  c’o;k  period  to 
initialize  the  circuitry,  the  total  number  of  clock 
periods  required  per  conversion  is  equal  to  the 
number  of  bits  plus  oie.  For  a ir.  bit  digitizer 
11  clock  period^  are  required.  The  mavimini  clock 
period  (which  is  equivalent  to  settling  time)  may 
then  be  calculated  as  follows: 

= 9.1  msec. 

11  clock  periods 
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APPENDIX  B 

PRELIMINARY  RELIABILITY  I YT .MAT! 

The  reliability  estimate  given  in  .'able  1 uir!  rm1-' , inasmuch 

# 

as  possible,  to  the  procedures  outlined  in  NAVSHIi't  93820 
"Handbook  for  the  Prediction  of  Shipboard  ar.i  .-'bore  Electronic 
Equipment  Reliability".  Method  C "Equipment  or  Circuit  Prediction 
from  Average  Parts  Failure  Rates."  Component  failure  rates  not 
tabulated  in  NAVSHIPS  938^9  have  been  estimated  or  taken  from 
manufacturer's  data.  The  parts  list  represents  a best  estimate 
based  on  the  system  design  outlined  in  tnis  report  and  on  ex- 
perience gained  through  this  Feasibility  St-'dv. 
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table  1 


FRFLIMINARY  RM.  LAB 

ILll'Y  'ST 

MATE 

Quant  i t v 

Fa l i ure 

Failures  Per 

Part  Tvpe 

Used 

Rate 

10^  Hours 

Capacitor,  Fixed,  Electrolytic 

12 

2.48 

29.76 

Capacitor,  Fixed,  Mica  or  Equiv. 

19 

^.44 

8.74 

Connec  tors 

4 

C.058 

0.23 

Diode 

26 

2.98 

77.48 

Hardware,  Electrical 

50 

0.033 

1.65 

Hardware,  Mechanical 

100 

0.092 

9.20 

Belt,  Drive 

') 

63. 56, 

127.12 

Heating  Element 

1 

5 .OO*'1 2 3^ 

5.00 

Indue  tor 

n 

0.28 

0.56 

Integrated  Circuit 

185 

0. 25^2) 

46.25 

Lamp,  Incandescan t , Miniature 

183 

10.0 

1830.00 

Motor,  Blower  Type 

2 

2.85 

5.70 

Motor,  Incremental  Type 

1 

5.43 

5.43 

Power  Supply,  Dual  Output,  Solid  State 

1 

25.0 

25.00 

Relays 

2 . 03 

24.36 

Switches 

5 

0.48 

2.40 

Transistors 

45 

1 .60 

72.00 

Transformer 

2 

1.16 

2.32 

Resistor,  Fixed,  Carbon 

0.39 

85.80 

Resistor,  Fixed,  Wirewour.d 

1 'A 

1.40 

14.00 

Resistor,  Variable,  Wirewourd 

4 

0.84 

3.36 

Summatior 

2,376.36 

MIBF  - 106  = 421 

Hours 

2,376.36 


(1)  Estimated.  No  data  available. 

(2)  Obtained  from  manufacturer. 

(3)  Assuming  MIL  STD  24367-715-AS15  lamp  operated  at  80%  rated  voltage. 

(4)  Estimated  at  k,  that  of  similar  vacuum  tube  tyoe. 
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